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Description 
External Cavity Laser 

Background of Invention 

[0001] 1. Field of the invention 

[0002] The present invention generally relates to external cavity 
type lasers using a special type etalon to select oscillation 
wavelength and simplify the cavity configuration. 

[0003] 2. Description of the related art 

[0004] Wavelength stable light sources are key optical compo- 
nents in Wavelength division multiplexing (WDM) systems, 
in which typically there are multiple separately modulated 
stable light sources as transmitters. These laser transmit- 
ters are designed or actively tuned to operate at different 
standard wavelengths, usually specified by International 
Telecommunication Union (ITU) as v =v ±nxAv, where v 

no o 

is the central optical frequency 193.1THz and Av is the 
specified frequency channel spacing that may equal a 
multiple of lOOGHz or 50GHz. The wavelength stable light 
sources are generally the distributed feedback laser (DFB) 



with an active wavelengtli control device called wavelength 
locker and the external cavity laser with an external feed- 
back device, such as a fiber-bragg-grating and diffractive 
grating. In some cases, an etalon is disposed in the cavity 
as a wavelength selection device. However, the etalon 
should be set an angle against the optical path to avoid 
the direct reflection from the etalon into the gain medium. 
Since the etalon has a plurality of transmission peaks, the 
laser will oscillate on multiple wavelengths very likely. A 
narrow tunable filter is usually placed into the cavity with 
the etalon to select a specific etalon peak. 
[0005] The DFB laser has a large chirp when it is directly modu- 
lated; therefore it is not an ideal light source for DWDM 
system and the wavelength locker also adds extra cost. 
The external cavity laser with fiber-bragg-grating feed- 
back, as shown in figure 1, has a serious reliability issue. 
Also the overall length of an external cavity laser is so 
long to be directly modulated at high modulation late. It is 
pictured to work at a continuous operation. There is a re- 
quirement to have a light source with long term wave- 
length stability, low modulation chirp, and low cost. To 
directly modulate an external cavity laser at a high speed, 
e.g., 2.5GHz, it is imperative to make the overall cavity 



length short. In our previous filing, US 
2004-0071181-Al, we proposed the concept of a retro- 
reflective etalon. The retro-reflective etalon has a comb 
type reflection spectrum. In this filing, we use the retro- 
reflective etalon as a feedback element to construct an 
external cavity laser with a single mode output or multiple 
mode output with substantially uniform intensity and with 

a very short overall cavity length. 
Summary of Invention 

[0006] in this invention, we use an etalon in a laser cavity as a 

wavelength selection device and a narrow band filter as an 
end reflector, which only reflects a narrow slice of wave- 
length, of the cavity to select a cavity oscillating wave- 
length among the etalon peaks to achieve a single mode 
operation, as shown in figure 2. Alternatively, by using a 
thin film interference filter having a single, narrow trans- 
mission peak within a large wavelength range in the place 
of the etalon and the end reflector having a flat reflectivity 
over the wavelength range, the laser will oscillate on the 
transmission peak of the filter and has a single mode op- 
eration, too. In the figure 2, the etalon must be set an an- 
gle to the optical path to avoid the reflection from the 
etalon directly into the gain medium and the oscillation 



between the etalon and the end reflector, which is set 
perpendicular to the optical path. 
[0007] If to avoid setting the etalon an angle against the optical 
path, instead of using etalon, a special device called 
retro-reflective etalon can be used, whose reflection 
spectrum shows a plurality of peaks. It acts as the end re- 
flector of a laser cavity and the wavelength selector. 
Within the R-etalon, there are an etalon filter, which has 
two partially reflective mirrors, or surfaces, facing each 
other and separated by a certain gap which forms a cavity, 
two quarter waveplates, one or two polarizers and a par- 
tially reflective or perfectly reflective mirror, as shown in 
figure 3. The reflection optical spectrum of the R-etalon 
has the double-pass transmission characteristic of the 
etalon. The transmission optical spectrum of the R-etalon 
is with the transmission characteristic of the etalon. If ig- 
noring the absorption of the R-etalon, the peak reflectivity 
of R-etalon is the reflectivity of the end reflector of the R- 
etalon. 

[0008] As shown in the figure 3, the etalon is arranged in be- 
tween two quarter waveplates. The sequence of the com- 
ponents are the first linear polarizer, the first quarter 
waveplate, the etalon, the second quarter waveplate, the 



second linear polarizer, and the end reflector. Physical 
contact or applying some adhesives may laminate all 
these components sequentially together. During the ar- 
rangement, using anti-reflection coating or applying re- 
fractive index matching adhesive minimize the unwanted 
reflection from the surface of the components and the in- 
terfaces between bonded two components. 
[0009] The R-etalon working principle is described as follows. 
When the light passes through the linear polarizer, the 
light becomes linearly polarized. When the polarized light 
passes through the first quarter waveplate, it becomes a 
circularly polarized light. The circularly polarized light re- 
flected back from the etalon passes through the first 
waveplate again and becomes a linearly polarized; but its 
polarization rotates overall 90degree. The first polarizer 
absorbs the light. The light passing through the etalon 
passes through the second quarter waveplate and be- 
comes linearly polarized. The optical axis of the second 
quarter waveplate is arranged along or perpendicular to 
the optical axis of the first quarter waveplate. The second 
polarizer is arranged to allow the light pass through. 
Then, the light reflects totally or partially back from the 
reflector. The reflected-back light passes the second 



quarter wave pi ate and becomes circularly polarized again. 
The partial of the light is reflected back from the etalon 
and passes the second quarter waveplate again and be- 
comes linearly polarized and absorbed by the second po- 
larizer. The light passing through the etalon and the first 
quarter waveplate becomes linearly polarized. The polar- 
ization changes totally ISOdegree or Odegree. It passes 
through the first polarizer. As the result, the light re- 
flected from the device passes through the etalon twice 
and has the double-pass transmission characteristic of 
the etalon. If the reflector has a finite reflection, the 
transmission output from the R-etalon is linearly polar- 
ized. If the R-etalon is positioned perpendicular to the 
optical path, the peak positions of the R-etalon are much 
less sensitive to the beam steering (the beam direction 
deviating from the normal of the etalon). there is no light 
directly reflected back from the etalon. The R-etalon is an 
ideal device to be used to construct an external cavity 
laser. 

[0010] As shown in figure 4, the R-etalon acts as one end reflec- 
tor of a laser cavity. Because the R-etalon reflects back a 
plurality of peak, the laser cavity should oscillates on mul- 
tiple peaks. This can be avoided by designing the end re- 



fleeter of the R-etalon to be a narrow band pass filter, 
which only allows light reflection in the band and this 
band only covers the wanted peak wavelengths, as shown 
in figure 5. Or, by designing the spectrum of the reflectors 
on the gain medium to be a band-pass filter, the un- 
wanted laser oscillation can also be avoided. Alternatively, 
if the etalon has a very large free spectrum range, it 
shows only one transmission peak within a large range of 
wavelength or this etalon is Just a thin film interference 
filter coated on the quarter waveplate or a substrate hav- 
ing only one transmission peak in an interested wave- 
length range, e.g., the bandwidth of the gain profile and 
the end reflector of the R-etalon is flat in the wavelength 
range, the laser lases on single cavity mode, too. 
1] Sometimes, a laser oscillating on multiple wavelengths 
with uniform peak intensity is desired. However, the gain 
profile is not uniform and mostly parabolic. A laser with a 
spectrum flat end reflector lases on the multiple peak 
wavelengths of the R-etalon with non-uniform output. To 
achieve a uniform and multiple wavelength output, the 
non-uniform gain profile should be compensated. Figure 
6 shows that the end reflector has a special spectrum to 
compensate the gain profile of the gain medium. The peak 



wavelengths of the R-etalon can be adjusted thermally or 

electrically. The adjustment depends on the material used 

in the etalon cavity. If the etalon is made of a thermally 

stable material, such as Schnaelite described by Ackerman 

et al. in his paper "Low-cost athermal wavelength-locker 

integrated in a temperature-tuned single-frequency laser 

package", J. lightwave tech., vol.22, pl66-171, the output 

wavelength is stable against temperature fluctuation. 

[0012] The above and other features of the invention including 

various novel details of construction and combinations of 

parts, and other advantages, will now be more particularly 

described with reference to the accompanying drawings. It 

will be understood that the particular method and device 

embodying the invention are shown by way of illustration 

and not as a limitation of the invention. The principles and 

features of this invention may be employed in various and 

numerous embodiments without departing from the scope 

of the invention. 
Brief Description of Drawings 

[0013] In the accompanying drawings, reference characters refer 
to the same parts through the different views. The draw- 
ings are not necessarily to scale; emphasis has instead 
been placed upon illustrating the principles of the inven- 



tion. Of the drawings: 

[0014] Figure 1 shows an external cavity laser with a fiber bragg 
grating as one of its end reflector. 

[0015] Figure 2 illustrates an external cavity laser with an etalon 
as its wavelength selector and the etalon is set an angle 
against the optical path. 

[0016] Figure 3 shows schematically a R-etalon with all its com- 
ponents laminated together and the optical axis of the 
components. 

[0017] Figure 4 shows a laser cavity with a R-etalon. 

[0018] Figure 5 illustrates the reflection spectrum of the reflector 
on the gain medium or R-etalon, which has a band pass 
characteristic and covers only one peak of the R-etalon. 

[0019] Figure 5a shows that the etalon has a wide free spectrum 
range and the reflector(s) has a relatively flat reflectivity 
over the bandwidth of the gain profile. 

[0020] Figure 6 illustrates the end reflector having a special 

spectrum characteristics to compensate the gain profile of 
the gain medium. 

[0021] Figure 7 illustrates the match of the reflection peaks of 

the R-etalon with some of the cavity modes. 
Detailed Description 



[0022] A laser cavity generally consists of a gain medium and 
wavelength feedback and selection mechanism. In figure 
2, the etalon 25 is placed in a laser cavity as a wavelength 
selector. Since the etalon produces a plurality of peaks, to 
achieve a single wavelength oscillation, an etalon peak se- 
lector should be used in the cavity, too. For example, the 
reflector 21 or reflector 26 or both are designed to be 
band pass reflector, which only reflects a slice of wave- 
length. If the slice spectrum of the reflector covers only 
one etalon peak, the laser cavity will oscillate only on one 
wavelength. The etalon 25 in figure 2 should be set an an- 
gle against the optical path to avoid the interference be- 
tween the etalon and the end reflector 26 and the direct 
reflection from the etalon into the gain mediumzo. The 
use of a R-etalon can avoid these problems. In order to 
achieve single mode operation, alternatively, the etalon 
can be designed to have a wide free spectrum range (FSR) 
and the reflector 2i, or 26 has a flat reflectivity. Or the 
etalon is Just an interference filter coated on a substrate 
with a single transmission peak. 

[0023] The proposed laser cavity, illustrated in figure 4, consists 
of a gain medium 20, a cavity phase adjustor 23, and a R- 
etalon. The R-etalon comprises an etalon 34 and a few 



other optical components, such as linearly polarizer 32 36 
and quarter waveplates, 33, 35. All components are com- 
mercially available or easily manufactured by existing 
technology. The reflection optical spectrum of the R- 
etalon has the double-pass transmission characteristic of 
the etalon. The etalon 34 can be made of a solid material 
or air-spaced. To achieve the required reflectivity of the 
etalon, its surface can be coated multi-layers of dielectric 
materials, as known in the art. The etalon can be designed 
to have specific free space range (FSR) by using different 
spacing thickness or different material with a different re- 
fractive index. 

[0024] Figure 3 shows a R-etalon. The arrangement reduces dra- 
matically the interference between the etalon 34 and the 
end reflector 37, which is arranged substantially in parallel 
to the etalon 34. The reflector 37 reflects totally or par- 
tially the incoming light. In order to save cost and space, 
this reflector can be a reflection coating on the linear po- 
larizer 36. The light incident on the R-etalon is reflected 
back with the double-pass characteristic of the etalon. 
The reflected light is fed back into the gain medium 20. 
The light beam points substantially perpendicularly to the 
R-etalon. The linear polarizer 32, 36 allows the light of the 



polarization in parallel to its optical axis passes through 
and the light then becomes linearly polarized. 
[0025] The R-etalon works this way. When light passes through 
the first polarizer 32 on which an anti-reflection coating is 
applied to prevent the light reflected from the polarizer 
into the gain medium, it becomes linearly polarized. When 
the linearly polarized light passes through the first quar- 
ter waveplate 33, it becomes a circularly polarized light. 
The light reflected back from the etalon 34 passes through 
the first waveplate 33 twice and becomes linearly polar- 
ized; but its polarization rotates overall 90degree and the 
first polarizer 32 absorbs it. When the light passes 
through the etalon 34 and the second quarter waveplate 
35, it becomes linearly polarized again. The second polar- 
izer 36 is so arranged to allow it passing through. Then, 
the light reflects totally or partially back from the reflector 
37. The reflected-back light passes the second polarizer 
36 and the second quarter waveplate 35 again and be- 
comes circularly polarized. The circularly polarized light 
reflects back from the etalon 34 and passes the second 
quarter waveplate 35 twice and it becomes linearly polar- 
ized and is absorbed by the second polarizer 36. The light 
passing through the etalon 34 goes through the first 



quarter wave pi ate 33 second time and becomes linearly 
polarized. The polarization changes overall ISOdegree or 
Odegree, which depends on the arrangement of the first 
and second quarter wave plates and then it passes through 
the first polarizer 32. As the result, the light reflected from 
the device passes through the etalon twice. 
[0026] All components in R-etalon can be laminated together. 

The end reflector 37 can be a reflective coating on the po- 
larizer 36. In order to save assembly cost, a large piece of 
laminated R-etalon can be made; then it is diced into 
small pieces with a required size. The advantage of the 
laminated retro-reflective etalon is the ease to assembly 
and the simplicity to align. For example, if the polarizer 32 

TM 

is a Polarcor linear polarizer and the waveplate 33 is 
made from quartz, two pieces can be epoxied together by 
using an index-matching epoxy or Just by using optical 

TM 

contact, since the Polarcor has a refractive index very 
close to that of the quartz. The reflection at the interface 
is very small. If the refractive index difference is large be- 
tween two components, some kind of coating should be 
applied first before using epoxy or optical contact method 
to minimize the interface reflection. 
[0027] The etalon 34 in the R-etalon can be an air-spaced etalon. 



which is made little temperature-dependence or a solid 
etalon. Usually, the refractive index of the solid material in 
the etalon cavity is wavelength dependent, or called dis- 
persion. Because of the interested frequency range is usu- 
ally very small, for example, "C'band or "L" band, the dis- 
persion is approximated as a linear function of frequency. 
During the design, the linearly frequency-dependent dis- 
persion can be compensated by finding the etalon thick- 
ness using the formula 

L=kc/[2(n(v)v-n(v-K*FSR)(v-k*FSR))], where L is the thick- 
ness of the etalon, k is an integer, c is the speed of light, 
V is the frequency, and FSR is the designated free space 
range. The k is chose to let v to v-k*FSR to cover the cen- 
tral half of the interested frequency range. Because the 
refractive index and the physical thickness of the solid 
material can be adjusted thermally, the FSR of the etalon 
alters accordingly. If the material has electro-optical, 
magnetic-optical, piezo-electrical properties, applying 
electrical or magnetic field can change the FSR of the said 
etalon, too. Then, the peaks of the R-etalon can be ad- 
justed to match to ITU frequencies in the interested fre- 
quency range. If the etalon is made of a material having a 
very small temperature dependence of refractive index 



and thermal expansion coefficient, tlie etalon peal<s are 
tliermally stable against thermal fluctuation. 
[0028] Figure 4 proposes an embodiment to show the application 
of the R-etalon in a laser cavity. In the embodiment, there 
is a gain medium made of semiconductor optical amplifier 
(SOA) 20 in the cavity. The gain medium can be other ma- 
terial, such as Nd-YAG and Nd-glass. The SOA has two 
facets. One has a high reflection coating and the second 
facet has low reflection, which is done by anti-reflection 
coating, angle cleaving, or both. A phase adjustor 23 is 
also included in the cavity. The reason is that the cavity 
mode of the laser may mis-match the peak wavelength of 
the R-etalon. The phase adjustor 23 can be used to shift 
the cavity mode 72 wavelength to match the peak wave- 
length 71 of the R-etalon, as shown in figure 7. The wave- 
lengths of the cavity modes are determined by the length 
of the cavity and the phase shift introduced by the etalon 
in the cavity. If the etalon transmission peak have a nar- 
row band, the modes mis-matching the etalon peaks 
would be substantially suppressed. The phase shift of the 
cavity mode can be realized by various ways. One is, if all 
the optical components are disposed on one platform, by 
heating the platform. Second is, if the gain medium and 



the R-etalon are disposed on two separate platforms, by 
heating the platform with the gain medium. Third is by in- 
tegrating a waveguide section with the SOA and injecting 
current into the waveguide to change the cavity phase. 
There are other methods to change the cavity phase, such 
as by changing the injection current into the SOA, by 
heating the SOA, by changing the optical path of the a 
slab of material disposed in the cavity thermally or electri- 
cally, or by precisely adjusting the cavity length, to let the 
peaks of the R-etalon match the cavity modes at assem- 
bly. If the emission light from the gain medium, such as 
SOA is substantially linearly polarized, the first linear po- 
larizer is not necessary to be used. The reason is that the 
polarization of the light reflected back from the etalon is 
changed 90degree which will not be amplified by the gain 
medium. 

[0029] Figure 5 shows one of possible reflection spectra of the 
reflector on the gain medium or R-etalon and the trans- 
mission peaks of the etalon. The spectrum of the reflector 
is a band pass filter to reflect a narrow slice 51 of wave- 
length. Figure 5 also shows the narrow slice covering only 
one peak of the etalon 34. The laser will lase on the peak 
of the R-etalon. The laser has a single mode operation. 



Another way to achieve a single mode operation is to de- 
sign the free space range of the etalon 34 is wide enough 
to allow the gain curve to cover only one etalon peak 
within an interested wavelength range, as shown in figure 
5a. Therefore, only one peak wavelength has a enough 
gain to lase, even though the end reflector has a flat re- 
flection spectrum . The etalon 34 can be just a thin film 
interference filter, which has one transmission peak within 
the interested wavelength range, on quarter wave pi ate 33 
or 35 or on a separate substrate, in which the reflection 
spectrum of the reflector(s) shows a flat line. The thin film 
interference filter can be a tapered thin film interference 
filter as disclosed in US patent 6717965 by Hopkin, et al.. 
The cavity oscillation wavelength is selected by changing 
the passing position of the optical beam on the filter. 
Since the gain profile has a parabolic profile, as shown in 
figure 5a, the laser will lase at the peak k wavelength and 
will not lase at the peak k-1 and k+1 wavelength due to 
the large gain difference. The overall thickness of the R- 
etalon can be less than 1mm. The length from the facet 22 
of the gain medium to the reflector 37 can be design to be 
less than 3mm. 

[0030] In order to let the laser lases on the multi-peak wave- 



lengths of the R-etalon and the output has uniform peak 
intensity, the reflector is designed to have a spectrum of 
special shape 62 to compensate the non-uniform gain 
profile 61 of the gain medium to achieve a flat cavity gain 
profile, as shown in the figure 6. The overall cavity gain is 
flat over a range of wavelength. The laser will oscillate on 
multiple etalon peak wavelengths with a uniform output 
intensity. 

[0031] While the invention has been shown and described with 
reference to specific preferred embodiment, it should be 
understood by those skilled in the art that various 
changes in form and detail may be made therein without 
departing from the spirit and scope of the invention as 
defined by the following claims. 



